The fungus Bywsochlamry fulva was discovered by Olliver & Smith (1933) , and its action on pectic substances first studied by Oliver & Rendle (1934) . Hirst & McMaster (1932-3) ; Hull (1933 Hull ( -4, 1934 Hull ( -5, 1939 and Gillespy (1936 Gillespy ( -7, 1939 Gillespy ( , 1940 Gillespy ( , 1946 have described its characteristics, while its metabolic products have been investigated by Raistrick & Smith (1933) . It derives its economic importance from three characteristics, two of which are unusual or even unique: (a) its ascospores have an abnormally high heat resistance and can readily withstand the normal processes used in bottling fruit, though only a small proportion survive the higher temperatures used in canning, (b) it can grow under conditions of greatly reduced oxygen tension, e.g. in canned and bottled fruit, and (c) it secretes pectic enzymes which can cause disintegration of the fruit tissue. Ascospores of B. fulva are thus liable to survive the usual bottling processes and cause more or less complete breakdown of the fruit.
The present work is an attempt to identify the particular pectic enzymes involved. The nomenclature used in this paper is in conformity with current views on the structure of pectin (Hirst & Jones, 1946) , which support the classification of pectic enzymes proposed by Kertesz (1936) : (1) protopectinase (or pectosase) which converts protopectin into soluble pectin; (2) pectin methoxylase (or pectase) which converts pectin into pectic acid and methanol; and (3) pectinase (probably a group of enzymes) which causes a reduction in the molecular size of the pectin and leads ultimately to D-galacturonic acid. The group contains at least a disaggregating enzyme and polygalacturonase. EXPERIMENTAL Enzyme&. Three sources were used: (1) bottled fruit which showed pronoimced disintegration due to infection with B. fulva, the fruit juice being separated from the disintegrated fruit tissues by repeated filtration through cotton wool; (2) Czapek-Dox solution on which a pure culture of the mould had been grown; (3) extracts of the fungal mycelium collected from various types of culture solution. More concentrated enzyme preparations were obtained from each of these sources by the addition of ethanol (3 vol. to 1 vol. of solution) and separation of the flocculent precipitate in a centrifuge. The solid product was freed from ethanol by drying over CaCl, in an evacuated desiccator and then dissolved in a small volume of water. The solution was kept sterile by storage at low temperature over CHC1.
Substrates. Potato disks of standard dimensions (1-2 cm. diam., 0-5 mm. thick) prepared on a simple hand microtome were used for the protopectinase tests. Pectin solutions (prepared from citrus pectin, 100 grade, British Drug Houses Ltd.) and polygalacturonide methyl ester, prepared by the action of methanolic HC1 on pectin (Morell, Baur & Link, 1934) were used for the pectin methoxylase and pectinase tests. Pectic acid, prepared by demethoxylating pectin with pectin methoxylase from tomatoes, was also used for some of the pectinase tests. _Methods employed for enzyme detection. (a) Protopectinase was detected by its macerating action on thin disks of potato tuber at 370. The disks were periodically removed from the enzyme solution and any maceration observed by gently pulling them with blunt-ended forceps. The results were placed on a semi-quantitative basis by using a scale of softening ranging from 'just detectable' ( +) to 'complete disintegration' ( + + + + ). (b) Pectin methoxylase activity was examined by Kertesz's (1937) method in which the carboxylic acid groups set free by the action of the enzyme are titrated with dilute alkali, using methyl red as indicator. (c) Pectinase activity is difficult to assess because of the complexity of the reactions involved. Periodic determinations of the viscosity and of the reducing power of pectin solutions on treatment with the enzyme preparation were chosen as measuring respectively the concentrations of unchanged substrate and the final decomposition product, D-galacturonic acid.
Blankexperimentswithheat-inactivatedenzymesolutions
were included in all tests.
RESULTS
Protopectinase. Protopectinase activity was detected in four out of seven cultures of B. fulva in Czapek-Dox medium all containing 5 % glucose, and in some cases, 0 05 % asparagine. The most active culture gave + and + + ratings in the potato disk test in 3 and 18 hr. respectively. Two of those inactive were anaerobic cultures with submerged flocculent mycelia, in contrast to the thick white surface mycelia observed in aerobic cultures at pH 3-4. The single inactive aerobic culture was grown at pH 5 and formed a partly submerged mycelium similar to the anaerobic cultures. There was some indication that the addition of asparagine to the culture medium enhanced the production of protopectinase.
Protopectinase activity was detected in five out of six specimens of bottled fruit (plums, damsons, gooseberries) showing partial or complete disintegration of the fruit tissue. The most active specimen gave a potato disk rating of + + in 6 hr., the remaining four showing + + + in 24 hr.
Activity tests over the pH range 2-8 were made with filtered fruit juice, the pH of the juice being adjusted with N-acid or alkali. Maximum activity was observed at pH 4-5 (cf. Davison & Willaman, 1927; Brown 1915,whogavepH 5and 6respectively) .
Experiments on the thermal inactivation of the enzyme at pH 4 are shown in Table 1 . The results indicate that the enzyme is completely inactivated in a medium of pH 4 by exposure to a temperature of 650 for 5-10 min.
of the activity of the enzyme sample (in 'Kertesz units '/ml.), on the size of the sample and the duration of the test. In a typical experiment a 1 % pectin solution (40 ml.), which had been adjusted to pH 6-5 with 0-1 N-sodium hydroxide using methyl red as indicator, was treated with 1 ml. of a 'Pectinol 10 M' solution containing 0-2 mg. of the enzyme; acid was formed in the solution in 2-5 hr. at 150. In similar experiments, using B. fulva enzyme preparations in various concentrations (1-5 ml. of the concentrated solution in 40 ml. of 1 % pectin solution), no acid was produced, even after 5 days.
Further experiments at 300 again pointed to the absence of pectin methoxylase activity in the B.fulva enzyme system, whereas at this temperature 'Pectinol 10 M', in the same concentration as before, produced acid within 1 hr.
IndependentpHmeasurements usinga Cambridge pH meter confirmed the failure of all the B. fulva enzyme preparations to produce acid from a pectin substrate.
Pectinase complex. Pectin solutions which were treated with B.fulva enzyme preparations at 25 and 370 showed a rapid initial fall in viscosity, followed by a slower fall to a constant value (see Fig. 1 ). (Willstatter & Schudel, 1918; Ingles & Israel, 1948) indicated that only a minute increase took place which was of the same order as the experimental error of the estimation (0.05 ml. of 0-1 N-iodine). Typical results are shown in Table 2 .
The results obtained over the pH range 3-5 were quantitatively similar and an optimum pH value was not apparent.
Control experiments with 'Pectinol 10 M' at 370 indicated that the reducing power of 0-4 % pectin solution did not increase until the specific viscosity of the solution had fallen to a value of approxi-222 I949 PECTIC ENZYMES OF BYSSOCHLAMYS FULVA mately 0-2. Further tests were thus made with a B. fulva enzyme preparation in which the pectin solutions were held for long periods at 370 after the viscosity had reached a constant value (,q6 = 04-12).
Even 1000 hr. after the viscosity of the pectin solution had become constant, the increase in reducing power remained negligible. On the other hand, 0 4 % pectin solution (40 ml.) which had been treated with 0-2 mg. of 'Pectinol 10 M' at 370 rapidlygave an increase inreducingpower equivalent to 0-29 ml. of 0.1 N-iodine/2 ml. of pectin solution. (Branfoot, 1929) and it has long been recognized that the macerating action of many plant pathogens is due to the production of protopectinase and the consequent destruction of the middle lamella. Protopectin, the substrate for this enzyme, is ill defined so thatwork on this enzyme has been mainly qualitative. Although little attention has been paid to the individual components of the complex, the pectinase group of enzymes appears to contain at least polygalacturonase and a disaggregating enzyme. Many workers have obtained pectinase preparations with very marked polygalacturonase activity; thus Ehrlich (1933 Ehrlich ( , 1935 , Mottern & Cole (1939) , and Manville, Reithel & Yamada (1939) have broken down pectin completely into D-galacturonic acid. On the other hand, Kertesz (1939) has observed that many pectinase preparations from various Penicillia bring about the development of only a small fraction of the maximum possible reducing power from pectin. This variation in activity may be due to the existence of two or more polygalacturonases, acting on pectic substances of various molecular sizes, so that all the enzymes are necessary to bring about the complete sequence of reactions required to produce D-galacturonic acid. Kertesz (1939) has suggested that two different types of enzyme are involved in pectinase activity; the first disaggregating the pectin molecule, with a consequent fall in viscosity, and the second attacking the product so formed, opening the glycosidic bonds between the uronic acid residues with a consequent increase in reducing power.
The results of the present investigation indicate that a very large reduction in the molecular size of pectin is brought about by the enzyme system of B.fulva, without any increase in reducing power, and therefore without any fission of glycosidic bonds. This result is an extreme case of the phenomenon noted by Kertesz (1939) amongst the pectinases of various Penicillia. It is considered that the results provide confirmatory evidence for Kertesz's view that the large molecular size of pectin is mainly due to the existence ofaggregates, consisting ofrelatively small polyuronic acid units joined by linkages which are not glycosidic but possibly of the nature of hydrogen bonds. SUMMARY 1. The enzyme system produced by the mould Byssochlamys fulva has been examined. Evidence has been found for the presence of protopectinase and a disaggregating enzyme which reduces the molecular size of pectin without the production of galacturonic acid. 2. The production by a fungus of a pectinase type of enzyme which is free from pectin methoxylase has not been reported hitherto. 
